We identified two novel ␤-defensin precursors, preproGBD-1 and preproGBD-2, in the tissues of a goat. Although the precursors were identical in 96.8% of their bases and 88.2% (60 of 68) of their amino acids, preproGBD-1 was expressed principally in the tongue and respiratory tract, whereas preproGBD-2 expression predominated throughout the intestine. These findings exemplify the phenomenon of tissue-specific expression in a family of host defense peptides that arose before the avian and mammalian lineages diverged.
Defensins are cationic, antimicrobial peptides with ␤-sheet structures that are stabilized by three intramolecular disulfide bonds (15) . The ␣-and ␤-defensins (BDs) of vertebrates differ with respect to the pairing of their cysteine residues, but they have similar structures (31) and originated from shared ancestral genes (17) . Interest in BDs has grown substantially in recent years, spurred by their potential relevance to the pathogenesis of infection in cystic fibrosis (1, 5, 23) . However, our knowledge of their contribution to host defense remains fragmentary and largely circumstantial. Many BDs are expressed by epithelial cells (9, 23, 26, 27) and keratinocytes (7)-a characteristic that distinguishes them from ␣-defensins. Their expression in nonmyeloid cells may occur constitutively (21, 30) or in response to signals that are generated during infection, inflammation, or tissue repair (16, 20, 22, 24) . This report describes two BDs of the goat and demonstrates the highly tissue-specific expression of these peptides.
Tissue and RNA preparation. Thirty-nine necropsy tissue samples were obtained from a healthy male kid goat, by using separate sterile forceps and scissors for each. Tissues were rinsed in cold sterile saline, frozen immediately, and stored at Ϫ80°C. Total RNA was purified with the Tri-Reagent RNA isolation procedure (Molecular Research Center, Cincinnati, Ohio). One hundred microliters of cDNA was synthesized from 1 g of each tissue RNA with an Advantage RT-for-PCR kit (Clontech, Palo Alto, Calif.) and stored frozen until used. Some limitations of this approach deserve mention. Since our samples came from a single male goat, they provided no information about the female genitourinary tract or about variations in defensin expression between animals.
Preliminary cDNA cloning. PCR primer sets based on bovine LAP and TAP cDNA sequences were used to amplify 5 l of goat tongue cDNA for 35 cycles, as follows: 94°C for 20 s, 55°C for 20 s, and 72°C for 1 min. P1, a sense primer (5Ј-CT CCTCTTCCTGGTCCTGT-3Ј), corresponded to nucleotides 51 to 69 of the bovine LAP cDNA sequence, and P2, an antisense primer (5Ј-AACTTTGAACAAAATTTATTTATTC T-3Ј), corresponded to the region immediately before its poly(A) tail (22) . The reverse transcriptase PCR (RT-PCR) product of these primers was inserted into the TOPO TA vector (Invitrogen, Carlsbad, Calif.) and sequenced, revealing a sequence homologous to both LAP and TAP. To complete the sequence, we performed 5Ј and 3Ј rapid-amplification-ofcDNA-end reactions with a Marathon cDNA kit (Clontech). A template of purified goat tongue poly(A) ϩ RNA was used to synthesize the first-strand cDNA, which served as the template for second-strand synthesis. The Marathon cDNA adapter was ligated to the double-stranded cDNA. P3, a gene-specific primer corresponding to nucleotides 59 to 84 of goat BD-1 (GBD-1) ( Fig. 1 ) (5Ј-CCTGTCTGCTGGGTCAGGATTTAC TC-3Ј), and the Marathon adapter primer were used to get 3Ј-end GBD-1 cDNA. Gene-specific antisense primer P4 (5Ј-CGATCTGTCTAAGGGCGCAGTTTCTG-3Ј), complementary to nucleotides 249 to 274 of GBD-1 (Fig. 1) , and the Marathon adapter primer were used to obtain the 5Ј end of GBD-1 cDNA. There was a 216-bp sequence overlap between the two PCR products. The band was purified and cloned into a pCRII vector with a TA kit (Invitrogen). Sequencing was performed by the fluorescein-labeled dideoxynucleotide termi- nator method, and sequences were analyzed on an Applied Biosystems 373A DNA sequencer (Perkin-Elmer, Palo Alto, Calif.). Cloning of GBD-2 is described below.
Tissue expression. Five microliters of each goat cDNA preparation was amplified by GBD-specific primers P3 and P4. PCR was performed with an automated DNA thermal cycler for 25, 30, and 35 cycles as follows: 94°C for 20 s, 60°C for 20 s, and 72°C for 40 s. Two ␤-actin PCR primers (sense primer P5, 5Ј-CGTGGCCATCCAGGCTGTGCTGTCC-3Ј, and antisense primer P6, 5Ј-GCGATGCCAGGGTACATGGTGGTCC-3Ј) were designed according to the sheep ␤-actin cDNA sequence to assess quality and quantity of goat mRNA (expected PCR product, 530 bp). We used a master reagent mix to ensure tube-to-tube consistency in cDNA synthesis and PCR. Reaction products were visualized after electrophoresis in 1.5% agarose gels containing GelStar fluorescent stain (FMC, Rockland, Maine).
Northern blots. Total RNA (25 g) from each tissue was separated in a 1.0% formaldehyde agarose gel, capillary transferred to a nylon membrane (GeneScreen Plus; DuPont, Boston, Mass.), and hybridized with a 32 P-labeled cDNA probe (216-bp PCR product obtained with the P3 and P4 primers). The final membrane wash prior to autoradiography was done at 65°C with 0.1% sodium dodecyl sulfate in 0.1ϫ SSC buffer (1ϫ SSC is 0.15 M NaCl plus 0.015 M sodium citrate).
Cloning of GBDs. The full-length cDNA ( Fig. 1) reconstructed from the overlapping 5Ј and 3Ј rapid-amplification-ofcDNA-end products predicts a protein, GBD-1, with 64 amino acid residues, a calculated mass of 7,258 Da, and a pI of 11.99. GBD-1 contains a typical signal peptide and a propeptide whose C-terminal domain includes six cysteines with a typical BD motif. GBD-1 cDNA is 95.8% identical to ovine BD (sheep BD-1), 88.4% identical to bovine LAP, and 71% identical to porcine lingual pBD-1.
To look for additional GBDs, we subcloned and sequenced a PCR product obtained by amplifying jejunum cDNA with P7 (5Ј-GAGCTCGTGACGCCAACATGAGG-3Ј), a sequence complementary to nucleotides 1 to 23 of GBD-1, and the antisense primer P2. This identified a second GBD, GBD-2, whose 311-nucleotide cDNA sequence was identical to GBD-1 in 301 (96.8%) of its bases (Fig. 1) . The nucleotide differences between the isoforms would impart eight amino acid differences, one in the signal peptide and seven in the propeptide (Fig. 1) .
Tissue expression. We examined the expression of GBD-1 and -2 in different goat tissues by RT-PCR, with primers that amplified both peptides. After 25 cycles, GBD transcripts were prominent only in the tongue, stomach (omasum and abomasum), respiratory tract (turbinates and trachea), and small intestine (jejunum and ileum). After 35 cycles, the message was readily detected in other respiratory and gastrointestinal tract tissues but was still not evident in the bone marrow, spleen, liver, lymph nodes, thymus, or male reproductive tract (Fig. 2) . The female reproductive tract was not examined. By Northern blotting (Fig. 3) , GBD transcripts were detected in the tongue, stomach, small intestine, nasal turbinates, trachea, and bronchi.
To distinguish GBD-1 from GBD-2, we subcloned and sequenced the RT-PCR products of P3 and P4 (Fig. 2) 3 . Northern blot analysis. Total RNA prepared from 39 different goat tissues was probed with the 216-bp PCR product amplified by P3 and P4. The 32 P-labeled probe detected both GBD-1 and GBD-2. See the legend to Fig. 2 for identification of lanes. colon, and rectum). All 31 tongue and respiratory tract clones corresponded to GBD-1, and all 20 gastrointestinal tract clones corresponded to GBD-2.
To confirm the differential expression of GBD-1 and GBD-2 in GBD-positive goat tissues by RT-PCR, we designed two defensin-specific primer sets. P8, a sense primer (5Ј-ACTCA AGGAATAAGAAGTCG-3Ј) corresponding to nucleotides 81 to 100, and P9, an antisense primer (5Ј-CATTTTACTGG GGGCCCGAA-3Ј) complementary to nucleotides 177 to 196 of the GBD-1 cDNA sequence, were used to obtain a 116-bp GBD-1 PCR product. For GBD-2, a sense primer, P10 (5Ј-A CTCAAGGAATAATAAATCA-3Ј), corresponding to nucleotides 81 to 100, and an antisense primer, P11 (5Ј- CATTTTA   FIG. 4 . Differential expression of GBD-1 and GBD-2. Differential expression in selected GBD-expressing goat tissues was examined by RT-PCR. The specific primers for GBD-1 were P8 and P9 at an annealing temperature of 58°C. The specific primers for GBD-2 were P10 and P11 at an annealing temperature of 52°C. Additional details are provided in the text. See the legend to Fig. 2 for identification of lanes. The findings, shown in Fig. 4 , confirm the results of our sequencing studies. Minimal expression of GBD-1 and -2 took place in bone marrow, liver, kidney, thymus, spleen, or lymph nodes. GBD-1 expression predominated in the tongue, trachea, bronchi, and lung. GBD-2 expression prevailed throughout the intestinal tract: in the stomach, jejunum, ileum, colon, and rectum.
Since the GBD-1 and -2 genes undoubtedly arose via duplication of an ancestral gene also common to sheep BD-1 (see Fig. 6 ), their divergent patterns of expression must reflect different tissue-specific regulatory elements. The benefit of selective expression of GBD-1 and -2 is not clear. Although the peptides have almost identical primary structures, their antimicrobial properties have not been tested. Perhaps GBD-1 and -2 differ significantly in activity against airborne and foodborne organisms or in their resistance to other factors (e.g., proteases) that are differentially expressed in the respiratory and digestive tracts. Peptide level studies that examine such possibilities would be of interest. Figure 5 shows the sequences of GBD-1 and -2 and of BDs found in sheep (11, 12) , cattle (4, 5, 22, 25) , pigs (29) , humans (2, 7), rhesus monkeys (14) , rats (13, 19) , mice (11), chickens (3, 8) , and turkeys (3). Figure 6 presents a dendrogram obtained with the Clustal program (IntelliGenetics) by using the amino acid sequences shown in Fig. 5 . As expected, chicken and turkey BDs are most closely related to each other. The early branching of the avian and mammalian BDs indicates that both arose from a gene that existed before these lineages diverged. The similarity of the human and rhesus monkey BD-1 sequences and those of the rat and mouse implies their relatively recent divergence from a shared precursor. Since sheep, goats, and cattle are all ruminants, it is not surprising that all of their BD peptides cluster.
Nucleotide sequence accession numbers. The sequences of GBD-1 and GBD-2 were deposited in the EMBL database (accession numbers: Y17679, GBD-1, and AJ009877, GBD-2).
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